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Jonathan C. This volume presents essays that collectively give an overview of the current state of the art in what has become to be known as 'geovisualization' , the exploratory analysis by graphics of data in which their spatial location is used as an important and necessary part of the analysis. In this forword I examine the scientific, geographical and administrative contexts in which geovisualization has developed in UK, concluding with a series of concerns related to where it is now heading.
Contexts: scientific
The scientific background to visualization is both well known and well documented. Traditionally in science, graphical modelling is subservient to mathematical and even statistical analysis: although colloquially we might 'see' a result, invariably the preferred form of analysis is by mathematics or statistics. This started to change in the 1960s with the increasing use of computers to draw pictures for which a variety of stand-alone computer programs with names like GHOST, GINO and PICASSO were developed. However, it took a series of other necessary changes before arguments based on graphics became accepted, if not on equal terms with mathematical and statistical modelling, at least as part of the basic toolkit of scientific investigation. First, throughout the sciences developments in sensor technology and automated data capture now provide data at rates faster than can easily be converted into knowledge. Second, some of the most exciting discoveries have been associated with non-linear dynamics where apparently simple equations like the finite difference form of the logistic conceal enormously complex, but real-world-like, behaviour that can only be appreciated when displayed graphically. Third, as science has progressed to produce ever more complex simulation models, so it became necessary to use graphics as the only practicable way to assimilate all the model outputs. Particularly relevant examples include the complex, large-scale environmental simulations provided by atmospheric general circulation models used in the verification of the carbon dioxide-induced greenhouse warming hypothesis and complex social simulations of the spatial behaviour of whole populations based on models of individual behaviour. Finally, there have been enormous changes in our computing environment, all of which promote graphics as the major communication medium. It is easy to forget how far we have come. Even as late as the 1980s, colour displays were expensive luxuries needing substantial computer power to drive them, most hard copy was by way of monochrome pen plotters, and software was still in the form of subroutine libraries such as GINO, GHOST and GKS or in visualization systems such as IBM Explorer, AVS and PV-WAVE. If you wanted to use a computer to draw maps, chances were that you were in for a difficult and expensive time. For example, in 1980 the Census Research Unit at Durham University published an atlas of maps of the 1971 UK Census of Population (Census Research Unit, 1980) , which used the then-new laser printing technology to produce, at great difficulty and expense, maps with individual colour symbolism for each and every kilometre grid square over Britain. At the time, these were the most detailed population maps at this scale and resolution ever produced.
As our computing norm we now have 'point and click' graphic interfaces to very large and fast machines equipped with high screen and spectral resolution displays and, thanks to the World Wide Web, graphical communication has become easier and easier. Nowadays, if you want to draw a map, a few mouse clicks using some cheap and easy to use software is all that are required. If you want to explore the map content using visual methods, then the same software will provide all the necessary resolution, colour, linkage back to the data, and so on, that are required. Provided you have the data, high spatial resolution population maps of UK are relatively easy to create on the desktop with standard hardware. In this new environment, the software can take the role of a toolkit to enable the scientist to create data displays that enable the exploratory development and testing of ideas that may later form the basis of more formal hypotheses and mathematical models.
Contexts: geographical
The geographical context is perhaps a little less well-known, but given the general changes outlined above, it was inevitable that some cartographers would 'morph' into 'geovisualizers' and that the two traditions of cartography and scientific visualization using computer graphics would intersect to give what has become known as geovisualization. This union has taken place alongside the increasing use of 'location' in almost all walks of life and the increasingly widespread availability and use of geographical information systems software. A brief visit to almost any GIS trade exhibition, or, more to the point, a look at the 'map gallery' at the annual ESRI San Diego User Conference (www.esri.com/events/uc/results/map gallery results.html), will show that maps continue to be not only the main selling point for GIS and associated data products, but also are one of the principal outputs from such systems. One result of the democratization of mapping, in which every map user can also now become the cartographers, has been a huge increase in the use of maps. Sometimes, as at the ESRI conferences, these are fine examples of the art and science of cartography, but all too often the products show ignorance of quite basic cartographic design, and miss the potentials available had these same data been analysed using modern geovisualization techniques.
It is certainly true that spatial coordinates can be treated simply as just two additional variables added to an existing set to be visualized. From this perspective there is nothing particularly special about adding geographical space. Yet experience suggests that, although the techniques used might look much the same as those used in more general scientific visualization, there is actually something that is special about 'geo' . In part this is to do with the ubiquitous presence in the real world of spatial autocorrelation, but I suspect it is also to do with what for want of a better word I call 'context' . Consider the very simple set of 24 numbers located geographically by the eastings and northings of some geographical grid shown below. These data can be analysed as a simple problem in general scientific visualization by interpolation of a continuous surface passing through them. However, if I provide you with the context that these numbers are mean January temperatures across the Rocky Mountain foothills in Alberta, I strongly suspect that you will realize that your initial analysis is faulty. Adding the real world context provided by spatial location adds much more than just two or more additional columns of data, and I am not sure the same would be said, for example, if these numbers had been the rate of a chemical reaction visualized in a space provided by temperature and pressure coordinates. Generations of cartographers have accumulated a great deal of knowledge of how these real world contexts can be addressed in their mappings, of what 'works' and what does not 'work' . Just because this knowledge has resisted formalization is no reason to ignore it. There is a continuing educational agenda here, in coupling those who have only recently discovered how useful maps can be to the community of cartographer/geovisualizers whose work is reported here and to the accumulated cartographic knowledge they bring into their work.
